Recent work by Meissner, and Tse and Frischer examines the variability of function words within the Scriptores Historiae Augustae (SHA) and other texts by Latin authors. In this paper, we correct the methodological flaws, both statistical and textual, of these works. We examine the variability of function words using van Valen's test for equality of variances of several samples and find no evidence for the presence of a 'purple thread' of single authorship through the texts of the SHA.
Introduction
The problem of the Scriptores Historiae Augustae (SHA) has been the subject of much debate for many decades. This biographical collection of Roman emperors covers the period AD 117-285 and is attributed in the manuscripts to six different authors. Dedications of thirteen of the lives to Diocletian and Constantine suggest a date of composition in the period circa 290-325. In 1889 and 1892, however, Dessau, having studied the nomenclature and style of the works in the SHA, proposed the theory that it was written only by one author. He also suggested that this single author wrote during the fourth century. Magie (1922) describes one early reaction to Dessau's hypothesis as 'a somewhat fanciful attempt to trace through many of the biographies the purple thread of an otherwise unknown historian of prime importance (p. xxxii)'. While this historian is no longer believed to be of great importance, the consensus of scholarly opinion today favours the theory of single authorship and thus seeks to find a 'purple thread' running through all of the texts that make up the SHA (see Gurney and Gurney, this issue).
Almost a century later, Marriott (1979) offered support for Dessau's theory through stylometry. The first study in his article compared the average number of words per 'sentence' of the SHA with those of other fourth century texts such as the legal code Codex Theodosianus and the technical treatise De Rebus Bellicis. His second study made a similar comparison based on the choice of word type (i.e. part of speech as noun, verb, preposition, etc.) at the beginning and end of sentences that were randomly selected. To avoid the problem of differences in punctuation among various modern editions, 'sentence' here has been regarded as any series of words separated by a period, colon, or semi-colon. Both Marriott's studies showed similarities among the biographies of the SHA but differences from the control texts. Based on these findings, he concluded that the collection was authored by one person, as Dessau had proposed.
Frischer published critiques of Marriott's works by extending the study to include control texts which fall into the same genres as the SHA, namely biography and history. finds that with regard to the average number of words per 'sentence', the SHA and the control texts have average values that range from 14.06 to 17.33. Marriott's averages, which included generically unrelated control texts, had a broader range from 16.06 to 36.00 words per 'sentence'. Frischer et al. (1996) go on to examine the second part of Marriott's study; tests by word type also showed stylistic similarities between the SHA and such authors as Livy, Tacitus, and Suetonius. On the other hand, the authors of texts chosen by Marriott as controls in his second study, Aurelius Victor and Ammianus Marcellinus, turned out to be eccentric (Frischer etal, 1996, p. 116) .
These results question the validity of Dessau's theory of single authorship as well as Marriott's methods for stylometnc investigation. Frischer's studies support, on the other hand, an ongoing tradition in Latin prose that favoured a fairly specific sentence length and word order, particularly in the genres of history and biography.
1 There is no doubt that many rhetors have lectured on which stylistic features were considered proper and aesthetic. For instance, Demetrius would go so far as to prescribe that narratives should begin with nouns in the nominative or accusative case (Schenkeveld, 1964, pp. 199-201) . In fact, the study on word type at 'sentence' beginning and end showed that Nepos and Aurelius Victor differed from the SHA and the other control texts. This is no surprise since modern scholars have long considered the styles of the two writers abnormal and deviant from what was generally accepted. merely the tradition in which he and his colleagues wrote. Yet tradition is not the only problem which the SHA brings to the modern practician of stylometry. The majority of problems concerning authorship deal with a single text or small group of texts which must be assigned to one of a closed group of authors. Thus, control texts from each of these authors can be collected and compared with the text of unknown origin. With the SHA, however, the specific authorship of the texts is not of concern, rather it is the number of authors that is the question of interest. There are no control texts, other than surviving works by authors writing in similar genres. While in other situations, it is the value of measures of style (e.g. measures of vocabulary richness, most common words, function words) which are important, in the case of the SHA it is the variability found in these measures which is important.
With this in mind, we shall proceed as follows. In Section 2 we shall review the research by Meissner and by Tse and Frischer which apply the study of the variability of function word usage to this problem of authorship attribution. The methodology to be used will be introduced in the following section. In Section 4, we compare the variability of function word usage in the SHA with that found in texts known to be written by a single author. We shall follow up the single-author material in Section 5, considering the homogeneity of various subgroups within the SHA. In the subsequent section, we turn to the variability found in a corpus purposely constructed to mimic the authorial structure of the SHA, as suggested by its manuscript tradition. Finally, a discussion of the results and our conclusions are presented in Section 7.
Previous Work
In this section, we outline the previous work carried out on the variability of measures within the SHA. For a review of other papers dealing with the authorship of the SHA, see Frischer et al. (1996) and Gurney and Gurney (this issue).
We take our motivation from the work of Meissner (1992 Meissner ( , 1993 . Meissner considered the use of function words in the texts of the SHA and De Vita Caesarum (DVC), a similar collection of emperors' lives by the Roman biographer Suetonius (circa AD 70-160). Function words are context-free, such as prepositions and conjunctions which include and, in, and but in English. The use of function words in the study of authorship has a long history; perhaps the bestknown and definitive study of authorship attribution, Mosteller and Wallace's (1964) 
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Their study is often used as a benchmark for testing novel methods of authorship attribution (Holmes and Forsyth, 1995; Martindale and McKenzie, 1995; Tweedie et al., 1996). 3 Perhaps the most difficult part of using function words is determining which words to examine. Meissner obtained his function words by dividing the texts into blocks of 4,000 words and using the words which appear most frequently in the texts as well as at a minimum of ten times per 4,000 words. These criteria resulted in seven function words : ad, cum, est, et, in, non, and ut. Meissner began by examining the behaviour of these words in the DVC and the SHA. Subjectively, the usage of the seven words appeared to be much more variable in the SHA, and Meissner turned to x 2 tests to formalize this impression.
The number of times that each word occurs in a text was compared with the average number of times it occurs across all the texts. However, the number of occurrences of each word and the number of times that it does not occur were treated erroneously as independent values, and the usual x 2 goodness-of-fit test was carried out. The number of significantly different occurrences of words in the SHA was much higher than the number of significantly different occurrences of words in the DVC, and Meissner used this to conclude that the SHA is indeed more variable than the DVC with respect to these seven function words. Tse and Frischer (1996) realized that Meissner's use of the x 2 test is flawed-its use in this way is highly inappropriate-and they attempted to correct it by treating the occurrences of the function words as elements in a contingency table. They then used the x 2 statistic to test for independence between the texts and the occurrences of the words. However, the sample sizes were such (e.g. 108,363 words in the SHA, 70,522 words in the DVC) that it would be most unlikely for the x 2 test to yield a non-significant value. The significant results obtained from this stage of their work should, therefore, be regarded with some scepticism.
In the second part of his paper, Meissner went on to use F tests to compare the variability of his seven function words in the SHA and the DVC. He found that the usage of all of the words, with the exception of in, is significantly more variable in the SHA than in the DVC. Meissner concluded from this that the SHA was not written by a single author.
Having established the heterogeneity of the SHA based on these statistical tests, Meissner proceeded to conduct tests on the homogeneity of subgroups within the SHA corpus. He also included some works of Nepos (circa 100-25 BC), another Roman biographer, as an additional basis for comparison. Meissner found varying degrees of homogeneity: books 22-30 of the SHA appeared the most homogeneous. On the other hand, the books attributed to Lampridius and the major lives of the SHA seemed the most heterogeneous. The books of Spartianus and Capitolinus and the secondary lives all fell somewhere in between. These disparities, e.g. among the biographers (Lampridius, Spartianus, and Capitolinus) and between the major and secondary lives, once more supported the heterogeneity of the SHA.
Meissner's use of function word analysis seems sensitive and subtle enough to detect differences between the SHA and Suetonius' DVC, and all the statistics appear to point to a multiply authored SHA. However, the methodology is flawed in two areas: the statistical tests used and the texts used for comparison. We detail our response to these problems in the next section.
Method
As mentioned above, the work of Meissner has two points on which the methodology is flawed. Firstly, the statistics used bear reconsideration; the uses of x 2 and F tests here are not appropriate. In addition, the seven function words are each considered separately, rather than with a multivariate test that would examine the evidence from all seven words simultaneously. Secondly, the study is not sufficiently empirical since it used only Suetonius as a basis for comparison. Some additional data were gathered on texts by Nepos, but they were not used until the end of the study. We address both of these issues here.
Statistical methodology
We described in the above section the reasons for the inappropriateness of using the x 2 goodness-of-fit test in this case. We turned therefore, to the problems that may be presented by the other tests used by Meissner and by Tse and Frischer. The F test used by Meissner to compare the variability of the function words in the SHA and the DVC is known to be sensitive to the assumption of Normality, i.e. it assumes that the data follow a Normal distribution whose values are symmetrical about the mean (Manly, 1994, p. 44) . The use of a non-parametric test avoids the reliance on this assumption and will ensure that the distribution of the function words in the texts will not affect the results. In addition, both Meissner and Tse and Frischer (1996) consider each of the function words separately. A multivariate test which allows us to compare all seven results at once would be more appropriate. A test which combines these two features was proposed by van Valen (1978) . See also Manly (1994, pp. 45 and 51 Tse and Frischer (1996) note that Meissner only compares the variability of the SHA with Suetonius' DVC on which the former was modelled. They extend this study to include works by Livy (59 BC-AD 17) and Tacitus (circa AD 56-120), 4 reputed to be great Roman historians of their time. Livy and Tacitus were chosen as controls because they wrote histories, a genre with which biographies overlap. In particular, Tse and Frischer made selections from the extant books of Livy's Ab Urbe Condita, which is a history of Rome from its origins to the early imperial period. Similarly, samples of works by Tacitus were collected, namely Agricola, Annals, Dialogus de Oratonbus, Germama, and Histories.
Texts
These works fall into several genres, including history (Annals, Histories), biography (Agricola), and ethnography (Germania). In order to provide a more solid basis for comparison, we will introduce additional texts here, by Caesar (104-44 BC), Nepos, and Sallust (86-35 BC). As mentioned towards the end of Section 2, Nepos was a Roman biographer like Suetonius and the author(s) of the SHA. Rather than focusing on emperors, Nepos chose famous men as the subject of his work, and selections have been taken from his De Viris Illustribus. Caesar and Sallust were contemporaries who both served in public office, the former is perhaps the most celebrated general in history. Portions of war treatises by both men have been collected, which are also generically related to history.
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The data for all of these texts, with the exception of those by Nepos and Sallust, can be found in Appendix A. The texts by Nepos and Sallust, which were not introduced until the latter half of the study, can be referred to in Appendix C.
Single-author Corpora

Confirming Meissner
In order to re-examine Meissner's hypotheses, we began by verifying his initial results. Meissner found that all but one of his function words were significantly more variable in the SHA than in the DVC. We reconsidered this data with the multivariate test.
The raw counts of occurrences of the seven function words obtained from the texts were converted into rates per hundred words. In order to ensure that the variability in no one word has an undue influence on the results, the data for each word were standardized to have the same variation by dividing each value by the standard deviation of that word in all the texts. The median values for each word and each author were found, the deviations from these medians were added, and the square root taken to form the d v values.
As we have two samples, the SHA and the DVC, the average d Xj values can be compared using a two-sample t test; a significant result would indicate that one text is significantly more variable than the other.
The d. j average values for the SHA and DVC were obtained and, when compared, resulted in a p-value < 0.00005. 6 This extremely significant value, along with examination of the d.j scores, indicates that the SHA is significantly more variable in the use of these seven function words than Suetonius' DVC.
This result supports Meissner's conclusions and may indicate the presence of more than one author in the SHA, but additional control texts of known authorship are required before this can be confirmed.
Adding more controls
In order to investigate how typical this result is, we compared the variability found in the SHA and in groups of texts known to be written by a single author (we refer to them as single author corpora or SACs). Initially, we examined the variability found in the SACs alone. We have data from texts by Livy, Tacitus, and Caesar in addition to Suetonius. The d t] values are found for these texts and average values for each author are compared using an ANOVA as we now have texts from four different sources. The ANOVA produces a p-value of 0.746, 7 and hence we can conclude that there are no significant differences between the variability in usage of the seven function words in the four SACs.
Next, the data from the SHA was included in the test and the ANOVA re-performed. The p-value resulting from this ANOVA is < 0.0005, 8 indicating that the variability in the use of our function words is not the same in each group. A Bonferroni multiple comparisons procedure was then carried out to identify which groups differ from which other groups. The results of this procedure are shown in Table 1 . Here the groups are ordered by increasing d. r Lines underneath the groups join those which are not significantly different from each other. Table 1 shows that the SHA has significantly more variation than all of the SACs, none of which are significantly different from each other. We can conclude from this that the variability in the use of the seven function words in the SHA is significantly higher than the variability found in any of our SACs. This suggests that the SHA may be of multiple authorship.
Homogeneity of Groupings Within the Scriptores Historiae Augustae
We have shown in the previous section that the SHA appears to be made up of texts from more than one author. In fact, the manuscript lists six different authors who are each responsible for between one and nine texts. In addition, under the hypothesis of single authorship, Syme (1971) proposed a classification based on the order of writing which divides the texts into Primary, Secondary, Intermediate, and Final lives. The texts and their classifications are given in Appendix B. 9 In the paragraphs below, we consider the classifications in turn to examine the homogeneity of these groupings within the SHA.
In order to investigate the homogeneity of the manuscript authors, we calculated the d tJ values within each authorial group, with the exception of Vulcacius Gallicanus who has written only one text. The average d.j values were compared using an ANOVA which yields a p-value of < 0.0005. 10 The results of the subsequent Bonferroni multiple comparisons procedure are shown in Table 2 . The table illustrates that texts by individual SHA authors are more variable than SACs; however, we find that only Aelius Spartianus (AS) is significantly more variable than the SACs in the use of our seven function words.
Meissner believed the works of Aelius Lampridius (AL) to be the most heterogeneous. However, when we examined the <i. ; values for the different authors, we found that Aelius Spartianus (AS) appears to be the most variable, taking into account all the different function words. The texts by Flavius Vopiscus (FV), on the other hand, appear to be the most homogeneous. We repeated the above procedure for the texts grouped according to Syme's classification. The resulting ANOVA has a p-value < 0.0005, 11 and the results of the multiple comparisons procedure are shown in Table 3 . The table shows that the variability in Suetonius' DVC is significantly lower than the variability in the Primary, Final, and Secondary lives, indicated by the line joining 'Suet' to 'Intermediate'. In addition, the variability in the Secondary lives is significantly higher than all of the SACs, i.e. the line under 'Secondary' does not link to any of the SACs.
In his conclusions, Meissner noted that the Primary lives seem most heterogeneous, while the Final lives are the most homogeneous. When we considered all of the words in a multivariate statistic, we found rather that the Secondary lives are the most variable, and it is the Intermediate lives which are the least variable. The Primary lives, however^ are not far behind (d. P = 2.0092, as compared with cL, = 1.9262).
While there are few significant differences between the variability in either of the SHA groupings and the SACs, it should be borne in mind that our test is a conservative one and that the SHA groupings are all more variable than the SACs. For this reason, we would recommend further investigation, perhaps using permutation test methodology, in order to ascertain the most homogeneous grouping of the texts that make up the SHA.
Multiple Author Corpora
The results presented above indicate that the use of function words within the SHA is more variable than within the SACs, hence we believe that the SHA may be the product of more than one writer. There is no situationally analogous body of work to compare with the SHA which would allow us to gauge the variability induced by its complex authorial structure. To determine if the variability present in the SHA could be produced by a corpus which follows a similar organization, we constructed a pseudo-multiple author corpus, or pseudo-MAC, using selections from the SACs above. The structure of the SHA and our pseudo-MAC is shown in Table 4 . The exact text samples used to form the pseudo-MAC and the data obtained from them are given in Appendix C.
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Van Valen's test was carried out on the two groups of texts, the SHA and the pseudo-MAC. The p-value from the two-sample t test is 0.33, 13 indicating that there is no evidence of a difference in variation in use of the seven function words between the SHA and our constructed MAC. In addition, the pseudo-MAC was compared with each of the SACs used in the above sections. This comparison yielded a p-value < 0.0005, 14 and multiple comparisons procedures, the results of which are shown in Table 5 , indicate that the constructed MAC is significantly more variable than any of the SACs, none of which are significantly different from each other.
It is thus apparent that the variability present in the SHA could indeed be produced by an authorial complexity such as the one that underlies the SHA according to the manuscript tradition.
Discussion and Conclusions
The problem presented to the modern-day quantitative linguist by the SHA is an unusual one. Rather than considering whether a set of texts is written by author A or author B, we have the position where we are not really interested in particular authors, but whether the texts are written by a single author, or if the corpus has a more complex authorial structure. Here, it is not measures of central tendency, such as the mean or median of measures obtained from set of texts, that are of interest, but rather measures of spread, such as the variance.
The work by Meissner is one of the few to consider the variability of a measure as an indicator of single or multiple authorship. We have described his work and its shortcomings above, along with the work by Tse and Frischer. Tse and Frischer (1996) address many of the textual problems by introducing more control texts, but some problems remain with the statistical methodology. Here we have introduced van Valen's test to overcome these problems. We believe that the improvements made in both these areas of methodology have led to firmer conclusions than those obtained by Meissner in 1993 and We have shown here that with respect to the occurrences of the seven function words : ad, cum, est, et, in, non , and ut, the SHA is significantly more variable than any of the groups of texts known to be by a single author. In addition, we have shown that the SHA is not more variable than a corpus constructed to mimic the authorial structure as outlined in the manuscript tradition of the SHA. We conclude, therefore, that the variability of usage of function words may be used as a measure of multiple authorship and that, based on the use of these function words, the SHA appears to be of multiple authorship. The 'purple thread' of single authorship can be unravelled into several authorial filaments.
The paper by Marriott in 1979 is the only stylometrical work of which we are aware that supports Dessau's thesis of single authorship of the SHA. This work has been attacked on both statistical and philological grounds (Sansone, 1990; Frischer et al., 1996) . Our work joins the growing body of quantitative evidence against the hypothesis of single authorship. We must hope that the mounting evidence for multiple authorship will not be ignored by the Classics community.
In the analysis of the texts which make up the SHA, Gurney and Gurney (this issue) are correctly insistent that texts be disambiguated properly, so that the presence of homonyms does not interfere with conclusions drawn. Certain of our function words may be considered to be ambiguous, e.g. cum can act as both a preposition and a conjunction. Detailed pre-processing may improve the precision of our conclusions. However, we believe that it is more important that analyses be carried out with appropriate control texts-we have used 572,830 words of control texts and the 108,363 words of the SHA. In addition, we have considered the variation between both single author corpora and multiple author corpora before comparing the two. We are confident that, with this careful methodology, our conclusions are valid.
Turning to the statistical methodology, it would be possible in the future to consider the use of permutation test techniques to investigate the internal structure of the SHA. Using this type of method, the groupings with the least variability could then be ascertained. In addition, the use of Hotelling's I 2 test to examine the variability of a number of function words or other measures of style, rather than univariate t tests or ANOVA, may tease out more information from the variation found within and between authors. Notes 1. See also Panhuis (1984) on the emergence of verb finals as a literary convention, especially in historical, legal, military, and religious texts On word order in Latin and Greek see Frischer et al. (1998) . 2. On the styles of Nepos and Aurelius Victor, see the introductions of Horsfall (1989) and Bird (1994) respectively. 3. Other examples of the use of function words can be found in the examination of the anonymous Middle English Cotton Nero MS by McColly and Weier (1983) as well as work by Damerau (1975) and Phelan (1976) . 4. The texts by Livy and Tacitus were obtained from the Hewlett Packard Humanities PHI disc. 
